issue, we examined thin-slice CT scans of patients with thoracic OPLL who underwent posterior decompression and fixation to examine the postoperative progression of thoracic OPLL.
Methods

Patients
There were 16 patients who underwent surgery for thoracic OPLL in the study period (from 2004 to 2007). Nine consecutive patients with thoracic OPLL who underwent posterior decompression and instrumentationassisted fixation and had a minimum follow-up period of 3 years were included in this study. Three patients were excluded because they underwent OPLL extirpation via an anterior approach. Another 4 patients were excluded because the follow-up period was shorter than 3 years. All patients presented with progressive gait disturbance. We performed posterior decompression and fixation with a pedicle screw and rod system. The surgical plans were individualized according to OPLL extension and concomitant ossification of the ligamentum flavum. We fixed the spine 2-3 levels above and below the decompression levels and harvested local bone for grafting. In this group, plain radiography did not provide sufficient information regarding the instrumentation failure or ossification progression. Therefore, as part of the standard follow-up protocol, we obtained CT scans of OPLL patients every 2-3 years after surgery. We examined the thin-slice CT images of the thoracic spine obtained at the time of surgery and at the most recent follow-up visit. The CT scans were obtained with a slice thickness of 0.75 mm and a pixel size of 0.352 × 0.352 mm. The data were transferred via a DICOM (digital imaging and communications in medicine) network to a computer workstation using the OsiriX software program (OsiriX Imaging Software).
5 Our institution's ethics board approved the study protocol.
Clinical Data
The patients' medical charts were reviewed for age, sex, type and extension of OPLL, and surgical procedure.
Myelopathy severity was assessed according to the Japanese Orthopaedic Association (JOA) scale for lower-limb motor function, 8 which was administered on admission, at discharge, and the latest follow-up visit.
Measurement of Ossification
We reconstructed all preoperative CT scans for 3D multiplanar reconstruction and, using the sagittal reconstruction, determined the thoracic spine level with the most obvious level of ossification protrusion. We then measured the area of ossification on the axial reconstruction, which was set parallel to the endplate of the corresponding vertebra, using the OsiriX software program (Fig. 1) . We also measured ossification area on the latest follow-up CT scan at the same level. All measurements were obtained twice for each CT data set by a board-certified spine surgeon (author S.S.), and the average value of the 2 measurements was used.
Statistical Analysis
We performed statistical analyses of the data using the Wilcoxon signed-rank test. Differences were considered statistically significant if p values were < 0.05. Mean values are presented ± SD.
Results
Demographic Data
The population included 3 males and 6 females, whose mean age was 56 ± 12.2 years (range 38-75 years). The mean follow-up period was 4.6 ± 2.0 years (range 3-9 years). The type of OPLL was continuous in 3 patients, mixed in 4 patients, and circumscribed in 2 patients. The level of OPLL, the level of the most obvious protrusion, and the surgical areas of decompression and fixation are shown in Table 1 .
OPLL Progression
The area of OPLL was found to have increased in all patients (Table 2 and 
mm
2 at the last follow-up visit. All areas of ossification increased in both width and thickness. Longitudinal OPLL progression was also noted in 4 of 9 patients. The rate of OPLL progression (the most recent size before surgery) was not correlated with the rod diameter or implant density. Neither screw loosening nor rod breakage was observed on any of the follow-up postoperative CT scans.
Clinical Course
The mean JOA score for lower-limb motor function was 1.8 ± 0.6 before surgery, 1.7 ± 0.6 at discharge, and 1.4 ± 0.7 at the most recent follow-up visit (Table 3) . No patients exhibited neurological deterioration due to OPLL progression. One patient developed a severe gait disturbance due to an unrelated cause (worsening of lumbar canal stenosis), but the other 8 experienced gait disturbance improvements.
Illustrative Case
A 55-year-old woman presented with a walking disturbance and lower-extremity muscle weakness. She had mixed-type OPLL, extending from T-4 to T-10. The level of the most obvious protrusion was T5-6, with an OPLL area of 97.3 mm 2 . We performed T2-10 laminectomy and posterior fixation from T-2 to T-12. Three years after surgery, the area of OPLL at T5-6 had increased to 113.9 mm 2 (Fig. 3) .
Discussion
This is the first study to investigate the progression of thoracic OPLL after spinal stabilization. The use of thinslice CT scans allowed us to conduct a detailed analysis of thoracic OPLL, which is difficult to do with plain radiographs. We found that the postoperative area of ossification increased both axially and longitudinally.
It is well recognized that cervical OPLL is progressive during the natural course of the disease and after decompressive surgery.
4-6,10,15 Several investigators have reported that ossification progression aggravates myelopathy, whereas others have found no relationship between neurological function deterioration and ossification progression.
2,5,7 This study is the first to show that ossification also progresses in the thoracic spine; however, this progression did not aggravate patients' myelopathy in the present series.
The pathomechanisms underlying the progression of OPLL remain unclear, but mechanical stress has been implicated as an exacerbating factor.
19 Our initial hypothesis was that spinal stabilization suppresses OPLL progression by eliminating local motion of the spine. Contrary to our hypothesis, we found that OPLL continued to progress after spinal stabilization. A study with a longer follow-up period may provide additional information regarding the time course of OPLL progression.
There are several limitations associated with this study that deserve mention. First, the number of patients examined in this study was small. However, our findings were consistent among the cohort. Similarly, the length of follow-up was relatively short. Although OPLL progression did not result in functional deterioration in the present study, such progression could manifest in neurological dysfunction over a longer time span. Finally, we did not measure local spinal motion. A previous study showed that dynamic factors, such as the segmental range of mo- tion, contribute to the development of myelopathy in the cervical spine among patients with OPLL. 3 However, it is difficult to precisely measure local thoracic spine motion with plain radiographs. Notably, we observed neither screw loosening nor rod breakage on any of the follow-up CT scans, indicating that we successfully stabilized the patients' spines. A detailed analysis of spinal motion is needed in future studies.
Conclusions
The present study demonstrated that thoracic OPLL does not decrease or stop and affects a larger area over time, even after spinal stabilization. Although OPLL progression did not result in functional deterioration in this study, physicians should pay attention to continued ossification in patients with thoracic OPLL.
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